States generic pharmaceutical market. However, biologic products, which are large complex molecules, differ from pharmaceuticals in many ways, including their basic structure, composition, and their manufacturing processes. The economics behind the establishment of an FOB market involves a plethora of issues not encountered in the generic pharmaceutical marketplace. One of the most critical and controversial issues is the determination of an appropriate period of data exclusivity or data protection for a new biologic. Building on recent research by Grabowski and using contemporary models of risk and return from the finance literature, we determine that there should be 17 years of data exclusivity for new biologics. 1 In this paper, we review some of the basic economic differences between pharmaceuticals and biologics; the potential for short run cost savings from a FOB market; and the challenging patent issues biologic products encounter that make data exclusivity periods so critical. However, the main thrust of our paper is that the considerable financial risk of biotechnology Research and Development ("R&D"), and the sensitivity of R&D to expected returns, make it critical that Congress provide adequate incentives for biotech R&D through appropriate periods of data exclusivity or data protection for biologics.
I. INTRODUCTION
As Congress considers legislation to establish an abbreviated regulatory approval pathway for FOBs, a key consideration is the length of data exclusivity or data protection needed to encourage innovation. In 2008 and 2009, a number of legislative proposals sought to establish a pathway for FOBs. The bills vary in terms of their provisions for investment incentives, with the two bills introduced in 2009 varying considerably in terms of incentives for continued R&D investment. 2 Inadequate incentives would likely diminish the economic attractiveness of undertaking new biotech R&D and investment in this sector. This is the case, as we will show, because of the financial risk associated with biotech R&D 3 and the sensitivity of R&D investment to data exclusivity or data protection periods. 4 This is particularly disconcerting in light of the social benefits attributable to innovations from this
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FOLLOW-ON BIOLOGICS industry. 5 It is critical that the data exclusivity periods provide adequate financial incentives to reach the socially optimal (economically efficient) balance between short and long run interests (i.e., access to existing medicines at lower prices and access to future innovations through R&D investment). Our paper proceeds as follows: Section II provides a comprehensive overview of the major issues and challenges associated with existing bills for FOBs. It also places the regulation of biologics and pharmaceuticals into a historical context and discusses an array of background, institutional and patent provision issues. This section sets the backdrop for the rest of our paper. Section III identifies the important clinical and economic aspects of biologics. The economic dynamics of generic entry and generic price competition are discussed and we explain why experiences in the generic pharmaceutical market, particularly after Hatch-Waxman, cannot be used to project market outcomes for follow-on biologics. We discuss key structural aspects of the potential market for follow-on biologics. Section IV will then discuss investment risk profiles for biologics, including industry structure and firm size, and the capital markets for R&D finance will be considered. Based on the model developed by Grabowski, we will argue that data exclusivity periods should be approximately 17 years. 6 Section V will conclude and place our analyses more broadly within the context of national healthcare policy (both explicit and implicit) for medical, pharmaceutical, and biological research. Cost-benefit research suggests that the U.S. is investing too little in these types of health-related research activities. 7 Thus, existing proposed periods of data exclusivity, which are all less than 17 years, are inadequate from a social welfare perspective.
II. THE REGULATORY FRAMEWORK FOR BIOLOGICS, HATCH-WAXMAN AMENDMENTS, AND CURRENT BILLS FOR FOLLOW-ON BIOLOGICS
A. The History of Biologics Regulation
The history of biologics regulation is substantially different from that of drug products. Not only are most biologics approved under a different law than pharmaceuticals, but that law was not administered by the FDA until 1972. 8 The implementation of new laws since then, as well as the nature of the
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FOLLOW-ON BIOLOGICS approved, it must be shown to be "safe and effective" for use.
In 1944, Congress passed the Public Health Service Act ("PHSA"). 15 The PHSA establishes strict standards of safety, purity, and potency that the product must satisfy -standards that continue to govern biologics approval today. 16 The PHSA additionally requires that a manufacturer prove that the facility in which the biologic is manufactured, processed, packed or held meets standards to ensure that the biologic is safe, pure, and potent. 17 Reflecting the complexity of biologics and the importance of manufacturing controls and the manufacturing process, the FDA for many years required that biologics manufacturers submit both a product license application ("PLA") and an establishment license application ("ELA"). 18 Only upon approval of both applications was a manufacturer permitted to market the product. 19 The FDA has also required biological products to undergo batch testing and certification prior to the release and sale of each batch. 20 The separate licensing scheme and batch certification historically represented one of the most significant regulatory differences between drugs and biologics.
While most biologics are approved under the PHSA and most drugs are approved under the FDCA, there exist a small number of biologics that have been approved as "drugs" pursuant to the FDCA. 21 In approving some of the first therapeutic biological products manufactured using recombinant technologies, such as human growth hormone, the FDA applied the "safe and
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effective", single-license, approval criteria of the FDCA and did not utilize the PHSA. 22 In contrast, for other biologics, such as recombinant human erythropoietin, the FDA relied on the "safe, pure, and potent" criteria of the PHSA (and resulting PLA and ELA requirements). 23 The basis for the determination of which products are primarily regulated under which act is not entirely clear, and, in large part, may rest on the historic approval pathways for the precursor biologic products. 24 When discussing its decision to regulate particular products under the PHSA as opposed to the FDCA, the FDA has also cited the complexity of the products at issue, the PHSA's focus on the manufacturing process, and the enhanced level of oversight that the PHSA allows the FDA (e.g., by allowing immediate license suspension in cases of a public health threat). 25 In 1997, the Food and Drug Administration Modernization Act ("FDAMA") 26 24 For example, hormone and insulin products were approved in their pre-biotech forms under the FDCA, before the FDA gained jurisdiction over biologics in 1972. These products are also not derived from blood and so may not constitute "analogous products" for the purpose of the biologics definition in the PHSA. See also Dinh, supra note 18, at 83 ("Examples of what constitutes a 'drug' or a 'biological product' will illustrate the confusing logic in FDA's taxonomic system. The classification of some types of compounds is determined by how they are made rather than by what they are or what they do. For instance, 'polynucleotide products . . . are regulated as drugs if they are chemically synthesized, but as biologics if they are biologically synthesized.' On the other hand, the manufacturing method is irrelevant for hormones and antibiotics, which have always been regulated as 'drugs.") (citation omitted). 25 
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Biologic License Application ("BLA"). 27 The consolidated BLA permits applicants to submit a single application demonstrating the safety, purity, and potency of a product as well as the integrity of its manufacturing process and facility. 28 Additionally, FDAMA explicitly confirmed the long-held FDA policy of considering biologics as subject to the provisions (aside from approval criteria) of both the FDCA and the PHSA. 29
B. The Biologics Approval Process
Although the approval processes for drugs and biologics are now functionally similar, important differences remain in the approval criteria: drugs are evaluated against the "safe and effective" standard, 30 while biologics are evaluated against the "safe, pure, and potent" standard. 31 The necessary showing of "safety" and "efficacy" for drugs is well-defined, in that it requires supporting data from at least two "adequate and well-controlled" clinical trials. 32 While the definitions of safety, purity, and potency are found in the biologics regulations, 33 the data required to prove their existence is less clear in that the regulations require simply that an applicant submit "nonclinical laboratory and clinical studies" to support the BLA. 34 
C. The Hatch-Waxman Amendments to the FDCA
In order to understand the FOB debate, it is important to understand the abbreviated application process available for generic drug manufacturers and the related economic incentives for innovative drug manufacturers in the FDCA. In 1984, Congress passed the Hatch-Waxman amendments to the FDCA, creating the generic approval pathway for drugs. 35 
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established: (1) the approval standards for generic drugs; (2) non-patent exclusivity incentives for innovative and generic manufacturers; and (3) provisions regarding patent disputes between innovative and generic manufacturers. 36 Importantly, biologics were not included under the HatchWaxman amendments.
Approval Standards for Generic Drugs
Under Hatch-Waxman, a generic drug manufacturer need not conduct human clinical trials to demonstrate that its product is safe and effective. 37 Instead, through filing of an abbreviated new drug application ("ANDA"), the manufacturer may rely on the FDA's findings of safety and effectiveness for the reference drug that the generic product purports to copy. 38 To rely on those findings, the generic drug manufacturer must demonstrate that its proposed product is the same as the reference drug with respect to active ingredient, route of administration, dosage form, dosage strength, labeling, and condition of use. 39 The generic drug must also be bioequivalent to the reference drug, meaning there is no significant difference in the rate and extent of absorption of the active ingredient. 40 If the proposed generic product is not the same as and bioequivalent to the reference drug, there would be no way to assure that the FDA's findings of safety and efficacy for the innovative drug are applicable to the generic drug product.
Importantly, these "sameness" and bioequivalence requirements of HatchWaxman are largely inapplicable or irrelevant to biologics. Hatch-Waxman requires that the generic pharmaceutical be identical to the innovator pharmaceutical, a standard that cannot be met for biologics.
Incentives for Innovator and Generic Manufacturers
To strike a balance between drug price competition and innovation, the Hatch-Waxman amendments included several provisions intended to reward innovator manufacturers. 41 Distinct from patent protection, reference or innovator product sponsors that receive FDA approval for a new chemical 36 Id. 37 Id. at §101. 38 See Id. 2006); see H.R. REP. 98-857, pt 1 at 21 (1984) (the purpose of the Hatch-Waxman Act is to ensure that "the generic drug is the same as the listed drug that has previously been determined to be safe and effective") (emphasis added). 40 21 U.S.C. § 355(j)(8)(B) (2006) . 41 Among these incentives were the patent term restoration provisions. These provisions compensate patent holders for marketing time lost due to product testing and FDA review by extending the length of a patent by a maximum of five years. 
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FOLLOW-ON BIOLOGICS entity are provided with 5 years of exclusivity during which the FDA is prohibited from accepting or approving an application for a generic version of the drug. 42 When a reference product sponsor receives approval for a product change such as a new indication or dosage form, it may receive 3 years of exclusivity for the new indication or dosage form so long as clinical trials were necessary to support FDA approval of the change. 43 Hatch-Waxman also provides exclusivity to certain generic manufacturers; the first generic applicant who challenges a listed patent of the reference product sponsor, thereby running the risk of having to defend a patent infringement suit, is eligible for 180 days exclusivity against other generics that challenge the patent. 44 In other words, during the first six months of marketing, no other generic version of the same drug may be brought to market.
Patent Provisions
When submitting an ANDA, a generic manufacturer must provide one of four certifications referring to the status of the reference product patents. The most important of these certifications is referred to as a "paragraph IV certification" in which the ANDA applicant represents that a patent for the reference product is invalid, unenforceable, or not infringed. 45 The ANDA applicant who files a paragraph IV certification to a patent must notify the patent owner and the reference product sponsor that it has filed an ANDA containing a patent challenge and must include a detailed statement of the factual and legal basis for the ANDA applicant's opinion that the patent is not valid or will not be infringed. After filing such a statement, the ANDA applicant may be sued for patent infringement. If the reference product holder files a patent infringement suit within 45 days of receiving the notice, the FDA may not give final approval to the ANDA for 30 months from the date of the notice (unless the litigation is resolved sooner). 46 The 30-month bar should in theory allow for resolution of the patent litigation before FDA approval of the generic product. Although Hatch-Waxman did not contemplate an abbreviated approval pathway for biologics, most discussions of FOBs use Hatch-Waxman as a starting point for creating an abbreviated FOB approval process. 42 21 U.S.C. § 355(j)(5)(F) (2006). The FDA may accept an ANDA after 4 years if the pioneer's patent is in dispute. Id. 43 Id. However, this 3-year exclusivity has little effect on the innovative product as generics approved for the original indication or dosage form can still be prescribed for such new indications or dosage forms. 44 
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D. Overview of FOB Legislative Proposals Introduced in 2009
As discussed above, Hatch-Waxman represents a highly imperfect model for FOB legislation. Given the nature of biological products and the complexity of the science involved, it has been difficult for lawmakers to reach consensus on approval standards and intellectual property protections for innovators. Generally, the bills pending before Congress would enable a generic manufacturer to submit an Abbreviated Biologics License Application that relies on the FDA's previous findings of safety and effectiveness of the reference product. The bills represent a wide range of opinions regarding the appropriate balance to be struck between the requirements of clinical testing to ensure consumer safety, the incentives available for innovative biotech companies to innovate, and any potential cost savings from the entry of FOBs into biologic markets.
In The Waxman bill provides 5 years of data exclusivity for new "major substances," which are not defined in the bill. In addition, the bill provides 3 years for next or subsequent generation product if that product represents a "significant therapeutic advance." The 3 years is not additive to the 5-year base. The Waxman bill would deny exclusivity to products different from, but structurally related to, previously approved products. Up to 6 months of additional data exclusivity is available for a supplement if it is approved in the last year of the exclusivity term, but only if the change represents a "significant therapeutic advance." The Waxman bill would also allow clinical trials to be waived and would establish an inadequate and onesided approach to addressing patent issues.
On 
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for a potential total of 14 years. A new period of exclusivity is provided for next and subsequent generation biologics. The legislation would allow the FDA to waive clinical trials. The Eshoo bill seeks to establish a more balanced procedure for addressing patents than the Waxman bill.
E. Approval Pathways for FOBs: Required Showing for Biosimilar or Comparable Products
Biosimilar or comparable are the terms generally used to describe how similar the applicant's FOB is to the reference product. The definitions, which generally account for the complexity of biologics manufacture, differ starkly from the "sameness" requirements of Hatch-Waxman. Unlike generics under Hatch-Waxman, which are intended to be identical, FOBs will not be exact copies of innovator products.
Data Protection as an Incentive for Innovative Manufacturers
Legislative proposals vary in terms of the duration of new product exclusivity for innovative biologics manufacturers. The Waxman bill provides for 5 years of data exclusivity, though only for new "major substances," a term which is not defined in the bill and which is not a term currently used by the FDA. 49 In addition, the Waxman bill would provide the FDA with explicit authority to identify categories of products that would be entitled to 5 years of exclusivity. The Eshoo bill in contrast would not allow FOBs to be marketed until the later of 12 years after approval of the innovator product or the date that the FDA issues final product class-specific guidance. 50 Both bills limit the degree to which second and subsequent generation biologics -which require a new BLA and are new molecules -would be eligible for data protection. As with Hatch-Waxman exclusivity, the stated intent of these provisions is to provide innovative biologic manufacturers with the opportunity to recoup costs associated with research, development and clinical trials. However, as discussed further below, due to the lack of an appropriate exclusivity provision in the proposed bills and to the potential increased uncertainty of the patent system, R&D investment in this sector may decline, which could have a negative impact on future innovation.
Incentives for Innovative Manufacturers: Patent Provisions
The exclusivity provisions of Hatch-Waxman, coupled with various patent protections, are intended to provide innovative manufacturers with a sense of certainty that they will be able to recoup the costs of innovation and product development before facing competition from generic versions of their
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products. The approval standards in the legislative proposals threaten this certainty for biologics manufacturers, because they provide for FDA approval of an FOB that is similar -but not identical -to the innovator product. Under such a scenario, FOB manufacturers may be able to obtain approval of a product that is similar enough to rely on the FDA's previous findings of safety and efficacy for the reference product, but different enough to avoid patent infringement. 51 As demonstrated above, while the FOB bills pending in Congress seek to reflect the principles of Hatch-Waxman, the unique aspects of biologics and potential market dynamics should inform the development of an abbreviated regulatory approval pathway for FOBs.
III. BIOLOGICS: KEY SCIENTIFIC AND ECONOMIC ASPECTS
Biologics are highly complex, genetically manipulated proteins produced with living cultures of mammalian, microbial, or yeast cells. Biologics cannot be described in simple terms or using simple formulae because they are the output of a highly complex and nuanced laboratory processes. These fundamental molecular aspects give rise to a host of important clinical, developmental, and economic factors that need to be considered carefully. Biologics produced by the biotech sector are still a relatively new class of drugs. For example, in the early 1980s there were fewer than twenty publicly traded biotech companies in the U.S., with most of them having few or no product sales. 52 Today biologics, which are also developed by traditional pharmaceutical companies, are used for approximately 400 applications and represent some of the most important medical innovations in the past halfcentury. With the appropriate incentives, it is likely that innovations in biotechnology will continue to revolutionize medicine and perhaps eradicate such illnesses as cancer and heart disease. Science is at the cusp of a new era in genetic research with many promising leads on how human genetics interrelates with disease. For this reason it is particularly important to examine how proposed policy changes will affect R&D investments in the biotech sector. As we discuss in Section IV, the biotechnology industry is fragile in many respects, and new biologic R&D is particularly sensitive to policy and regulatory changes. We turn to some of the details.
A recent study from the Tufts Center for the Study of Drug Development on the cost of developing a new biologic identified several unique aspects of
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FOLLOW-ON BIOLOGICS biotechnology R&D. 53 For example, clinical development times for biologics are long because Phase I (the early clinical development stage) is longer than that for small molecule drugs. The overall economic cost of bringing a new biologic to market is estimated to be $1.24 billion, on average (in 2005 dollars). However, the method used in the Tufts Study to measure biologic R&D project risk (necessary for their cost estimate) is likely to underestimate risk (and hence result in a lower cost estimate). This is because the study used the single-factor return model Capital Asset Pricing Model (CAPM) to estimate risk. However, the current most widely-used financial model of risk and return is the three-factor model developed by Fama and French. 54 This is discussed in greater detail below. Once a new biologic is approved by the FDA for marketing, it faces a product market with different institutional features from most pharmaceutical markets. For example, in contrast to pharmaceuticals, which are typically selfadministered, biologics are normally injected or transfused in a clinical setting. This has implications for both companies' product distribution systems and the economic incentives facing the different participants along the healthcare delivery value chain. 55 Biologic products are also characterized by high fixed costs of establishing scientific and manufacturing capabilities, due to the vast complexities involved in working with living systems and modifying genetic materials. 56 Some researchers have suggested these fixed costs may be 150% higher than the fixed costs associated with manufacturing traditional pharmaceuticals. 57 In one of our own papers, we demonstrate how the future fixed costs of manufacturing facilities lead to higher financial risk (when projects are modeled as real options) because it is equivalent to financial leverage. 58 Large firms may have operational facilities in use that can be adapted or extended, whereas smaller biotech firms are more likely to require a new facility altogether. Thus, investing in biologics entails greater financial risk because of this leverage. This risk would be captured in a three-factor model of risk and return, but not in a single-factor model like the CAPM. These differences in cost structures, time, and financial risk will naturally influence how follow-on
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[Vol. 16 biologic markets evolve in the U.S. Follow-on biologics are not likely to be designated as interchangeable by the FDA. 59 The most likely scenario is that they will be treated as therapeutic alternatives by healthcare providers, which will limit their uptake in the market relative to generic pharmaceuticals. Generic pharmaceuticals gain market share very quickly because of mandatory substitution laws. These laws exist in many states and require pharmacists, when presented with a brand-name prescription, to instead dispense the generic version. 60 These laws, and the substitutions they require, make sense where perfect substitutes exist, but follow-on biologics will only be similar to, and never the same as, the original material, and thus not perfect substitutes.
Empirical estimates of the effect that entry has on generic drug prices have been broadly consistent in the traditional pharmaceutical context. For example, one study found that in the case of large selling brand-name products, generic entry and price competition will be swift, with 10 and 20 generic competitors entering and driving prices to marginal production cost within a few months. 61 In fact, generic drug prices in the U.S. are the lowest in the world. 62 But can we expect to observe similar cost savings from follow-on biologic markets? The economic evidence suggests the answer is "no" in the short run.
To begin, relative to the generic pharmaceutical market, there are higher cost-based barriers to entry facing potential follow-on biologic manufacturers. Cell culture facilities require capital investment costs of between $250 and $450 million over three to five years and the costs of pre-market clinical studies needed for approval have been reported to be as much as $40 million in Europe; this is relative to the $1-2 million it costs a generic pharmaceutical manufacturer to demonstrate bioequivalence. 63 In total, it is estimated that follow-on biologics initially will take between five and eight years to reach the market (one to two years of cell biology, a year of process analysis, and between two and four years for pre-market clinical studies). 64 By comparison, a generic pharmaceutical typically requires only a few years to reach the
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market. 65 When all of these economic factors are taken into account, there are likely to be only a few entrants into even the largest markets for biologics. Price discounts when there are between one and three entrants are estimated to be between 10 and 25%. 66 
IV. FINANCIAL RISK AND BIOTECH R&D
Pharmaceutical and biotechnology R&D is an inherently risky, costly, and uncertain enterprise. Bringing a single new product to market requires huge sums of investor capital and often takes well over a decade. 67 Most R&D projects fail for reasons relating to their safety, efficacy, or commercial viability. 68 Our previous research has shown that firm R&D spending is highly sensitive to both expected returns and financing constraints. In a series of recent papers we have identified a robust empirical link between R&D investment and real drug prices, firm pharmaceutical profit margins, R&D project risk, and the length of a product's market exclusivity period. 69 While all of these studies addressed slightly different issues, and thus had different testable hypotheses, they consistently revealed R&D spending to be highly sensitive to financial returns and risk. This observed relationship was robust to multiple research methods, statistical models, and data samples.
Data exclusivity provisions for biologics and the proposed pathways for follow-on biologics in the current bills are particularly important issues. This is because follow-on biologics will only need to demonstrate a "high degree" of similarity to the brand-name biologic. Thus, the statutory potential exists for follow-on biologics to leverage the abbreviated FDA approval process, in whole or in part, and "design around" the brand-name patent. As discussed in
THIS VERSION DOES NOT CONTAIN PARAGRAPH/PAGE REFERENCES. PLEASE CONSULT THE PRINT OR ONLINE DATABASE VERSIONS FOR PROPER CITATION INFORMATION.
B.U. J. SCI. & TECH. L.
[Vol. 16 the preceding section, the intellectual property rights laws that apply to genetically-altered large molecules are much narrower than they are for pharmaceuticals, due in large part to the minutiae of the cultivation and growth processes involved in manufacturing them. It is therefore easier to "design around" such molecules without encountering patent infringement violations. This artifact of intellectual property rights law places a greater emphasis on data exclusivity provisions for biologic products.
Given that biologics R&D is characterized by high risk, high costs (including the costs and time involved in constructing specialized manufacturing facilities), and substantial uncertainty, as well as substantial dependence on venture and other sources of private capital by smaller firms, an appropriately robust period of data protection is warranted. While it is generally well-known that biotech firms face a high cost of equity capital, previously published analyses have relied on a single-factor return model, the CAPM. This model does not capture two other important types of systematic risk that affect the cost of capital: the size factor and the book-to-market factor. Ignoring these factors when measuring financial risk will underestimate the cost of capital. Moreover, the structural and economic characteristics of firms in the biotech industry make them susceptible to these additional forms of systematic risk. As such, biotech risk will be underestimated when a single factor return model is used. Empirical research has documented this within a large sample of firms in this sector using data going back 20 years. 70 It therefore stands to reason that the innovation incentives needed to ensure continued biotech R&D investment would be higher than the incentives HatchWaxman currently provides -incentives that likely are no longer adequate for small molecule drugs. Figure 1 demonstrates this point by considering a hypothetical R&D project and an investment decision as it relates to a product's effective patent life, the project internal rate of return (which increases with effective patent life), and the firm's cost of capital, which is the required rate of return by investors. As Figure 1 shows, holding everything else constant, riskier R&D projects require longer periods of market exclusivity to be judged worthwhile investments from the point of view of investors. This is the well-known risk-return tradeoff. Table 1 presents the same information, but within the context of a net present value (NPV) decision rule for different risk and effective patent length (EPL) periods. While it is important to bear in mind that Figure 1 has a number of simplifying assumptions embedded in it, our purpose is only to illustrate that higher risk projects require higher expected rates of return from investors. Thus biologic R&D projects, which often represent a greater financial risk to investors, require stronger intellectual property right provisions than less risky projects when all other considerations are held constant. 71 These risks involve capital market imperfections which are likely to widen the cost of capital gap between biopharmaceutical firms with stable cash flows. Many biotech companies also rely on external capital markets for funding projects. Some of the features unique to firms developing biologics may only be captured within a real options framework, which shows the hypersensitivity of biotech firm stock prices to policy shocks affecting expected future regulations and profits. 71 One thing that will not be held constant, or be the same, is the competition from generics and follow-on biologics at patent expiration. As discussed, entry in follow-on biologics will not be like it is for pharmaceuticals. This somewhat mitigates the risk premium argument for longer data exclusivity periods relative to brand-name pharmaceuticals.
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Without going into any technical detail on this point, the main thrust of argument may be seen and appreciated graphically. Figures 2 and 3 do this by showing both the raw cumulative stock market returns and the risk-adjusted stock market returns for publicly traded firms in the pharmaceutical and biotechnology industries during the period when the Clinton Health Security Act, which contained a plan to use price controls on breakthrough new drugs, was being debated and considered. Although both were affected very significantly, it is apparent that the biotech industry was more adversely affected by this proposed legislation than the pharmaceutical industry.
Examining the raw returns data shows pharmaceutical firms' stocks lost about 32 percent on average, while biotechnology firms' stock lost about twice as much (51 percent). Risk-adjusted returns were much worse: showing losses of 70 and 90 percent, respectively.
One approach to determine the appropriate length of data exclusivity for innovator biologics (which we have argued necessarily must exceed the market exclusivity period for small molecule drugs of 11 to 12.5 years) is to combine our previous research 72 on the cost of capital for biotechnology R&D using the Fama-French model 73 (nominal 16.25% or 12.75% real based upon a 3.5% rate of inflation) with the cash flow analysis research undertaken and published by Grabowski. 74 Grabowski's research determined that the requisite data exclusivity periods for innovator biologics lies between 12.9 and 16.2 years. 75 He based his analysis on an 11.5% and 12.5% real cost of capital range (from earlier studies of the cost of capital in the pharmaceutical industry using the CAPM). 76 As discussed previously, biologics R&D involves a high degree of financial risk. Thus, Grabowski's upper limit estimate of 16.2 years is slightly low. A first approximation extrapolation from his results suggests the appropriate length of data exclusivity should be closer to 17 years. 
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As a final consideration, we note that in some of our previous research we estimated the elasticity of firm R&D spending with respect to effective patent life, measured at the industry level, to be approximately unit elastic. 78 This implies that a 10 percent increase (decrease) in effective patent life increases (decreases) firm R&D spending by 10 percent as well. Given that research suggests that the U.S. is currently under-investing in medical and pharmaceutical R&D (given the measured social benefits of these activities), an understanding of how the length of data exclusivity for biologics impacts incentives for R&D is warranted; indeed, it is necessary for sound policy formulation. 79 
V. CONCLUSIONS
As Congress considers legislation to develop an abbreviated regulatory approval pathway for FOBs, one of the most critical aspects to consider is how best to ensure continued incentives for innovation, and the tremendous medical advances they promise. As this research suggests, a minimum of 17 years of data exclusivity or data protection is required to provide the necessary incentives for continued biotech R&D investments. The high-risk and uncertain nature of biotech R&D has been underscored by the effects of the economic downturn on the biotech sector. A majority of biotech companies had a market cap well below $100 million and at the end of 2008, almost 90% of firms remained unprofitable. 80 Furthermore, evidence suggests that these incentives are in fact inadequate for pharmaceuticals in light of the social rate of return to both pharmaceutical and medical R&D. 81 This analysis suggests that the U.S. is under-investing in these areas. One study suggests that for every $1,345 invested in pharmaceutical R&D, a U.S. life year is gained, on the average. 82 The standard valuation of a life year in the U.S. is in the range of $100,000 to approximately $175,000. 83 It may be an opportune time to take a closer look at the direction of healthcare policy in the U.S. and the property
